


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 


DSpace Repository 


Theses and Dissertations 


1991 


1. Thesis and Dissertation Collection, all items 


On-site incineration of contaminated soil: a 
Study into U.S. Navy applications. 


Reeves, Thomas C. 


Monterey, California. Naval Postgraduate School 


http://hdl.handle.net/10945/26125 


Downloaded from NPS Archive: Calhoun 


ik | DUDLEY 


WN] | orar 


http://www.nps.edu/library 





Calhoun is the Naval Postgraduate School's public access digital repository for 

research materials and institutional publications created by the NPS community. 

Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
appointed — and published — scholarly author. 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


A | es tee 2 Ni a Wer oe Va vw awed / | a Ak CR AR Rn KS bet Hal kk Ra ae) or dy Ak daa rip HP e laa! 
e D 


















































































































































































































































































































































































































































































































































































































































(RRE AAA St d H O fF YTT) a NI ate UR be A PS LA Ko Kn re APTA AE ALTAS 
A” 0 0 el ECH VE R véi } TATA ee) |, ee ef Ah pot NIK LU Gë DK GT Ra | Loi Leg Ce? mahal Pe a ROH erc er AEN HA. ATA 
DI Eé T d Nk LST a EL SÉ z CG RON APUROS HERE dw ZK We Lä Gë? RL M Sey ried br 4 SNP wl AN 2 KEEN KAESCH ae 
N -1 D (NN LR TEE 3 H C 1193 D "LR | TAI LIT NET Mi A Lä, A ui a (D IN E ¢ rey DW DAN AR DI TES de Ki EE > ar ET kee sat Ch qa he a 
H G f g (e eet SR, Lg ee Gë D CT A TA O * VE IV OR be (HS K a d ai * ws E BC TA AT A VE OA PESAR A SEA Da che, CHEV LEE GN, 
A CS Dec H we 10 4H | A ATTE NO AER AT a a IRA (Sr OT UO ERR TH E DOT Go WEE TEEN EN RR S 
A D E H CHECK , H "De "ei ` A ETEN ETC T | ur A BKS ENEE GK Rad e A ATAN Ta AAA ine veé- AA a kä e 
o a et ECTS LS, el e, KLS. Ae vk weit xv nv ëcä VW ADM Le BE va FE SP AA i’ 3 Gi (ELO eege e OK HKH UP DO , DECH KK CR a WC 
? $ N H E EG . 4 IT TA A ID DE NT PA Y SR 4 wi SI mh dr” AS AS ER TED DTM ADR E fi SR Zu t CIE hes 
A g O A Eu Ks D TR E OS E CO da OO AE hh MYth eae gtd A atAsa. CSC $ (OR KUER der Wi ee e, or 
‘ee 4 P Ve Hl Le E O 0 PURAN s A TE Eh reel eer H i SE t TT ie ro eg WMD KR CR EEN KH Kichen sie) ax 
(SC Gë I 0 A AO O OOOO MS EK ZC UE A la Os Nu Lé A Di RSR ER ETA Y PIMP Ghat ee Nii ETA ARA TT LEA Eh e 
N VW N (RS, IK UK MOT wë H nn... TV Wë WURR 19% OTA VE Ber D AR | Y ql d Se AA AEN al Co CA a Eu et A eR Tee ES RAN KI 
TER E H TA E E EA yu? Wë wt 4 & a aot @ wd an mu CEK AL TA EEN DE Déi bäi RA RER, KIEL LET FESTEN Te DL DND Fi (ai 
ti e VE $ 3 N SR Mara u h. “Tuas GEO EI Ep Y un Jun ATEO TZ A HE Da DE POL IST 0 (GERT H WÄER E PO TACA A EIFEL TEILT lk KSE D A 
0 p a A ZZ VW CIAT TAN Tee, Dä Ze (RI gd AH a | $1 vi A A sr A rr ae (8? ONG ven CN RR MAA AN PERA KCL rre E D étt 
TERTE N T | ee, DN IOC ER e WE y A DIA AR TORA Ee PO Dt EN A CM the ech d KIK AN hr a BURN I 
Aan f m T N H g D D TP gates tS ar tad sD agg TA (KW IA U NV, WG WILH ORTH fC WITT BE H DE DAS AR LE OTTEN ATERT OH TT D Aa et KK 
Of? Wi ' 0 a green Dept ir LAN: DCK ATM ME Et enden ra nr VU: SR HAD DLC E GEN ee CH die Be Kë, Ehe 
(enn an e pet u a UT DH EEE MI S ST (y ys ds A, d'Diere PE TR RRE OO DEA BON Uc hee AR TR IR 
DI RN KR E ‘ ' Ve ee a D CR WR NAAM a Ye (NW Y A ICE TO PNTE Beek AAA do A TS O] a ATA AAN A ITA 
A D E H CIE we Ke, N A O OOOO MOI O PA SO ek E = E MUST AORTA O A TO A] Garey MK ALS ee pd ie Eu iu E a LI e 
an» ! KR U SEET At DE PLES B) Kl ia | . ¿90 ' A A O A O SAT ES PRO UL) SE NI GARE ETE ETS A ALTOS ALE RTS] EN A OU 
OI) sos i = VW "ho NN "uv wë Val nn da WA KA METAS O A ar mai y Di OCDE ID VS, NK Oa Tee Lear MEE PER TE NT DE DEE EL TER) DN e Age rk a ta KOR? 
fe) G d y A CI] (EE DNK qe A DI mu O ATA ETELE 7 Au } OR A A CA aes mee Se nary ORALE weh rE TESA ih WET EEE LU et de 
a A g d LE E EE, ze ` E Ah E DNR KETTER EW Sib (RV LEE TAN AS, Set Déeg rt Ha? [TER ATZ UT LAE EL EOTE TE TE EY N PETT S Sch 3. den, he A e 
r H P sech (OI o eta ng O AO MO TT UE OA Y BD a IRA FRE LEE 4y hh Sau dar ah Per al AENA IA ZT 
d bé Wi SS AC EO OS IS IS LOS Ve e | AA REE ETS rik yt ad: MAA FE SET PERS FE IE RESTE TESTE TR EEE RITTER e, tr 
ler 1 1 Der ou 1 g Ta SE AS UTC TE LAANG (EK OCT ES OK Te A RIDE eso er Ir ER TE CE A H KIK What) ett eck ee ËU AH hr 
HOA H 1 N DAL IE AE MEA A A OS ETE TT OTE APOT 10 NA? 7) ee met Te ha OR AA ET ee a de ar Re 
: A H H d H A IR E TA TE A MO A EE RE Ary !; AM EEN DOE? A DE UR GT AO LTE TEn mie: 
RN Wë d VW | d WAAR SULS KD! d WT ie UEWERKUER LN GO RAE TA 
a a N y . ho a pee on LR e LRAG A IO ANA A AN EAT TIT bd NM TE AAA 
d E AS ‘ ; IE OS A TEA SR O bs AAA TES AAA TIT Wénk Zeche 
i e A HAM RAA d ER MARIE VE LTE H NAU ZC Lon TI ARA DH DICK TO rio aye 
D H 0 D „0% DI - WA) e U ki NWAAE TRA RA WOH IP aga AA k (ec Mé IR EAR LEE DODERER SEIN DE UL SE N II EI IE lich 
E a E (SEN LV 3 SO ar OEA IP Ps E IT] p> O E TETEE ETE DC OO HO EH DN ad CEA TO EAE TU E TE Ee EC AT 
A DH = E . y ve Anti a Loa UE) RK (nd TE T ETE E LA EE FLETT) gp DT ËTT Oreo et me Te ie ok OL be ATT Y AAA LI? ae (RICH A A AS TAPA 
. one A Da a o Te = DTD LOTERIE AER TA TAO aD A PES ES SEMEDO Ae Wl BLUTT EI HK Ee DE OT 
DEN N HI HAAN WEN LEET (e e A y* U (KOSTER E (AN) U (DR? IO VU? nk: e TETE WI? PR ve! STAR TOTANA AS Se (DIR GR tee LA den gid E ei 
KR E H VM, 9 5 ' g H eti wal- vun DB LIE TC ELE RE ysi SS bi Bd Ars AA ANAL A Aa Ma NW? KOL RACH 
B IM D dE, DH na o» partos A Po reac u Aa in E OA FS beta ky T DROE UP [TE IE U er FI 77 DO OM LL EIA > St AAA TES AL AO kache SER Fr 
U VE NI Y Di A DÉI Ié ee E SEI D je DH 1 ygan Ay EA Te er edo Ya VE DS art ug id AD AA TA ETT GTE LLO TEDE CE TI] eh bei gé ch echt: ik. ` 
R V i ' Sg ' MÉ IP O ETA `i “a ‘ak U E er | D AAA A tale A a Ag Ba en eel Nan see NLR e ad AGAR dd eR ME 
g 4 y Y. ‘2 AT ROU 1... LES WC H IT u ` PCI O A TA PA E E OSA Tara IR (KUTTEN Da SH IE PETE DT PEA Se ate a a RER A 
1 (AO D A OA A A Cer? E E E Aen E IE A ee Od e wo "ën A UA ee E mt HATO TA ICE 
Ka eg oe WM Va? (SE ji D 1 RL CIE a AN KE (OW ba, PATA ITA TIET CEE SAA AOS RO TE TI KETTE mee ® Doky nasi 
E H Sa LE DA IN H EMAIL AL E DECH DEN ON ee ee KLL IN MA ft DCK AE AM DE TE} Ad AE EEE 
. D (GER ép ERR WE ch De LR ry NITIA NIT ae EN, The 1% pt 4" - NI Ee déi Dit: A O OECD SN 4% EI II EH 
bd ' D 0 "pata DW II Un nm ee Eent tehMd Ski tg eh AC wh yey air O E WA OH Cr ea KÉN Er Ten en OA MN era Me ACUE] BAHT OT E dd 
N H H tun»: D I ı O “IN Mata R KWR 05 ta är a A AA Ns ua sd SA AER CAOS A O Sech 
N (gé, H ONO OS O OS da TI H D A A A CT OT WOW Od Lo Déi VTT LER) DST SE U TIE KD LETTRE KW PO EN AE dch 
H inn en © a None! WE SU d E D (EA EE SO Ah ol, u Se enc e MEA A ehre AM E Se MË TEE INES Eech 
N HU LET E H pros E De EA DA en wh bet Der Data tun ta ih ihm LOCH GI Ve ENER UN UC DT) SOTA TE KN TO A 
H 0 S e ` tt. NM RO CEA A EIA TI REE TOTO a WER EM E ae ATEN SAO DR EIS TEP -ankhay hanah Arh 
H GHEET Fi H (ër P Tee ee WETTER KR TM ET DEL LSA WOLLEKE EDD EMS HECK E O EEN = Leger e Ek 
MI NI ` LA re E RW DNA ATTERT TATA a oT Met mh Rw RAR ASU Hates chee TEL DOS PA Marta man, dns ATT WEST LITE SI PET PIE NETTE TEE PEST 
H H D 1] 4 y t | .. I | ee Pe TT | EN IWWER ad N ara le hos taso adat OM! IM KIT IG DIR KH DKG bah FR VAD E eecht LEE D D e GE er 
H A ` UA RO CT E Lo gc) CTT CARO TET HATT SA D Ke A DE IO DEELER AED 
H DH D wet 8 D dE Si ` seta hl Pur ge DTW 8 E CG REDE DDR TS 4 IR Is geen: A een D Ak WK IN DEL E DL A MA AA DA 
5 aie D (NET (NN ' w UM NI LL AC EENS ur) ON gu A © air Ur LN WO Ta he Wr DOR Re Se bk) els de a E E TTT TC) TETELE LD € Ara "ka p pe 
NM H (DROE) Lo (el y A A UA SN Up TEKST EE) N nat "ha A! y IP a OV hed gd writer Bis OA A AA TO ell de elle van. 
OO 1} t A ot a Ers, TI RT GG SE SCHW; hos 400 A OA AS MATO SR AR IT ia SEI 
R . LB E OW g H D D D is AS MIL TR A A Y TA E S TS SA A IO man RM Der S E ETE TETTE TE ET TEIT PT ELSAN A LE PATEE A dek ON EN RT organ 
H 1 eet J .. A OA E] ET CA H (WC T1 E a y TODO TO TR IT EE Mech Ee TS AUT AO STO GETT ed 39 qe 
a A Ba 3 y r RS oe ee E E E e O A O O TEILT EICHE NH) AS ETA We Rear terete ht or AAN AA TAI 
J EES be SCH ie g "Sep $e one Pia sk Joy EL. BESTE en Pe ee SIE Pr OT DEA? Ge, FRA ERICH CL IC TEN AC by BER ELLE VS Zéck wegl dto 
KR q NN ot (NI g LN: LASS) e eege O Bb A AN IN ARES UE O TT GER SI OT TITO A TO EET GRO KIM ESA 
H 0 D | Up E voan DUERNO Le ur Se RG o OS OR SAS e UNN TE A eek E A 
DN D D H (Wgd (e ae E we (vg A A ie DRAN TEE KREE DD OASE DEM Loe Gert ay B road ungeet TK WON D OC ETA 
N ' . au DR Dur Bu E OO ECHT WIR TT WE dÉ BS HOM OTTEN T i TE SO TO a Se KOKAIN DC REN Rom Rafe GNM Wg tn omy We Be EDS YD 
` D ws tege ee ede dates TS OT | "O ar E A O PATO PO TO CAPA d PEPE TE UA ECOLE WIEL VE E hh 
` ` ` D ENA O E RS OCCISO AU AS Not? (CC ED ae I aay ik de 
DH D N N .. (NI NNN RN EE TE TI E A OC RT VOR O SA OOO EPA TA ERP OI LOD? WH? Da Bebe, KIERCH CZ Nä? 
g . o g AS [qe ot D D wa» O A e RE TA ed ya ML oa O ON 2 ie nat! OORT OLAI u AAA PE area ni md o do o 0 DEA 
A Gë Vë WS, e AOS AE SS TO 1 DÉEN AO CAD What NEM HR TT Sing mgt heat Bs tome ha Äh, ap EECH 
V U 4 N ° A (oc? O] ou ur 2 5 ta ma wor ars ar is” E] HA Pet TES AA Ed Mee 
E VT Lo y d H UN) (NW | mae x ta 2... sad? UN SR LA A A O A WM 4“ RTL A, ew e D (DRESDEN dad KA OCH 
1 CI T A x b HN (RE e MEA NOTE z DRAN HAAT EEN "mb 3 TA LE FE IL KT ER og DI GE re OK DCK 
P P 1 of ort D H 0 oe . ati A O] (Se en IERCH WW NEE HIE UI ER ee ETTET Vala Waa IN i ` is AT D SA D ZE ph che Dahn ai N 
z . i ms 0 Ce Ceara ba sect (NW IA ma 1.4 vda ES O ee OH Ta Et LER AAA Gg Ach Wl Ae Te 
H UR VE ae Lë wei ia ODO i SUR CS) Peat kına aa HR SM WARS DN DOC e SI FETTEN CEMETI Vi DEI IK OT SITE HER im DAT EK tke 
a 5 4 A g . D UE Tas tA A A O sa (KOL H VT ECKE ETC AE ERD AR ECO WAT, TG MT ra Ae Be ans 
Der ` g ' Yee e GEI geed? DW PL TU a Vs TO ie rr tert Ain ÉTAT CEET E Er Ree PST H DATA te bed domi nd be a E o 
s H t Er E UI NN IR IR LIE DH RAY za A ORT? KO AH R hina KEE Ad 
' D LS fe) O .. i D D (ee e (LST der ı SAS VEH Lt e Pee ha et ey el Lavery d A O A BEA 
y ¢ , Un AA DIE é NW D H HA CO] H i di ash aes PER ER ET NM ée AEN CH 
a D . oe Sy D D na? EYES 1 EA CT IA ESA IN AA RUND Jee D o DDR a a Y AS 
US ' G Vi D (RICK Saree 8 HUN: D mps 9 DAP DY tra To > Na HATTEN DACH it ATA 
D D D DH D DN UR E at Pan tat ag EET .s De vr vr Te N OI ” Ex dee SE? er ETA ATA ESTE GEET GT KIELEN HE SCH ID ¿ua ig id E 
D EM to4 A 0 Ar TA N F u ONT nos O DNH go RTL (DN) rä STE Ak VZM Via Vi HK E H punt rer e. 
D E a GE OO EE D UW OA A very Vino, vr "hr ee ee ee re res IA KETTE Ser ies DROE ERDROEN VK 
H A D N H A 0 0 H sv TA EE Ir AA NI Kb DAD der con mia IA DOUD eh DM NEW WEE AS ch 
D P D D U TN rir ae Bas act Er | (ORT Tee Ee o P (WT Rau e e A I%y ep ar Be tee MD » PAI Y LSA a ZAK KN AER MAKE vite s d 
` DH D) a 1* A . DÉI y an R (RW [rer ak H MI EC dÄ DÉI Dr DEN OH Oé LT "és 
D D DI g’ (D Ct ee eer ve ee Ech Pl Yon Opa NOA A E CCOO OS TEO oc) l d GAR AE OI LÉI LIEU OG e 
D DW ie ges CS ee? to. O O A 1b. MUER AN y IS ie rer D ET AN CS Ku Sts 
P P A . H 1 NM OS no oe E Oe facie Wun Pet feast eC) vas ELETTY E E E E ET Te CEE TA h Ah MA] RN (e? E EEE r A INTA es EE d 
H 0 Vë e | H Lee, WE e e eh E TEE Ee Sager KA TE de vin 4d aprorgrlma dano rs AOR -iEofajala A Kee a Gei Da E ei H A: 
H . A DH DRUI DN no. La (E EA H H Ni wv MAER VW MAER KOMA dede deci, y 0078 hay and ESE CS Mee K 
H Ke = E Fr af NI D HA KMA D no taa Y RK H a he ea hi» mg Ye # 0 & y mE Zeb EEE, 4 
5 HI ` e D . . E Ye miau. L eh ra sie za ef d Sub , KAAL? CHE (A wi 4 AP OH Hr KAN een 
(Se o a D ‘ H VI VW vn Za s D TT O LT aes YES ALTE VT | (NK we KR + A D keng VM I 
1) D D D WAS u D D 1 AMA (RI “ur nit a WET TS MK aed on Pr Wf da Er ya tom Ve N E DN pets Set 
1a D N g H V D P D H D Se wat fär vg, Ps Ia LOL O CITAS PMA ES Ao Ja a a A 5 d are DA 
` wou H 0 s a CT S | E ESTO TOR O OAI Se vey Ce OO ERC OR E Tt cee ery ` AS en KE Leck 
lo eas eof a a A os DN ON MT) BA TH E el EE N LO SET. I bäi DW? KEE E H 
a D H Li "a 20 EN s (Eë, ' d BEE eres ee f T ce | ty -ı OW Oe H i O 
WW $ H 1 MA (RO N HE KO Co, we ore a r d 
D D (Ge) ya D DW ONE D Dre d nn o. re ar E LS ste RE S Ce 
.. ° G D D O H E er e Kee, Bebe t’ RO of T Pre Po Be Lo KE EE? 
KM DH . io. A WI D 1 oar Es r D D IO CTT E LAN nA 
3 b ee. eo. Benz ge b v ES a Poe ET (ei OC a 
a ' D H D D) d . H tes a ren t Ke EN AC TT CS gau'e 
' , Ié SA Dr Er LI H var | D WNKILNU RÉI WT D BR? 
D A M ° H CH TS en] GE WE WT WEE TL EE EE (RE H 
. D A] D waned LE bi EN ya Re ton A 
de 1 > WË RA .. .. ` AN NM e» D DH int nm CAE ry u 
D z D Ya “ey TS? = H KEE (WOEN hl, H ee, 4 EN 
1 D ‘ D ` e E: DH H H? D D SC REN E ër . re .. n un D 7 a ee es vs LEE KA nó 
. N H 1 > ee D (DR MISE LL 1! H y LS | H 7 Le D G EE 
KM Pa p d von DIS EZ EZ San . O IO” Wi 
. $ éi S e P GE CE A 5 OG? D p a 
' ' D g A 0 g a CSC H RN m b Ee eg lo a e, 
H 2 ` D KEE p LW z Bun e open SC O 
D a $ H H R N N NC 
0 vr H AS > LR Aer O [23 ee ur De 
y H D D E H IN = O D D oo TE Yo Dal EECH tad 
bw n Kéi D D (ei er? 3 NI H “a, Dein DR WO Le rare to er eel ` 
T H (ON) d G < L e (RA WEEN, o. ' TI d H 
irns . y G % E et a A In e E er er ` 
D ES? ta D la Pape Pl DW? 1. q... A VI D e Ys 2 Y 
D 1 D V Wb e g H x e H ı LIE Pe TREK, 
D D ` DNA .a D ës M “in KOR Te a 0. 42 y’ Di 
WÉI ' i H KI Che, e VW DAN DT TA we As ae e (P 
` GE S (Une D t't y, g Ce e e Ee D = Lë 
D r A P Der gd Se DH éi D Ui Gd CH Ge së, Li an WAT 
R o na D al 25 D Les ect DE L Du cs AL H Ri ek 
. t .. mé AEN WE E We WË LTL GD D VI d D T y 
Lë, j x usa m" ls. > da da rr WA LKA? .. NW u dr? 
: Í p SC vi? Eet e TE CES ty D 
D IN) D D n Le D ‘| gh ge a os BEE 8 H ats, E 
D D D D DN? “u, Ur L SC | Es (RS e a €, LN Ir 
s T GE ee A 5 O O E e Kee LE SR IM DO. 
D H H a 2 LEES d H ra mae) a dä 4s D À 
' e D U .. hi AAA AS II D E a Cher ay d $ 
i g q a by d e E Lg, Pe AE EE E CS A Gel Er JE ES 
a o VW D D = OM D BE CEA d ' TET EA g (Ee) DK EH HI N 
4 D H H D . DN? A P Le kx D LE Ee, SÉ D é > D 4 . La, Esta mo LI amane 
E u D ad 0 f Yan e 0 EN bau ALA) Sh 5 ME Kéi KH 
H E D H N er . 9 n ? D = HI H a KE ND EES 
D a a D D D a D Se D VU? LE pi re E? DN WE wiss 
e H .. J a A H e > DS OTI) dë a y! EA ee) 
1 ` A A . D H (NI pr D (E TRA KR a E 
KR . ` se DH y’ D D D D . D ` y 
N La D D LI “e. D a D . ES 4° D D ZS 1 
' a 2 USA e a ' a AE y O i. el ee LV éi ATI E NEE Saz 
1 N fi P D G H UE Bei DR 1 E x D de PERS 8 E A Nei kb, 
DR D “ae t a LP d = TL .. at - a KI ts Ets een us SA: 
J D »R 1 .. D OI tal ... ! LW? . .n L a KT ZE) e. to 
D P . ans DE va Z (Sa Re ur D VW as lee Per ae 
E $ H ‘ G ’ ae ei WA, a ace me LE hs Je Ct eet. 
= g D Le H H n A DR AAR ed. LN A 
D H TEET D 1? r D WR LEE EE GE del D O hoe 
d PR) D H H ter Me IECH A r WU LR Ke mt CL Get (ën s. 
e LH! D D D MP r TE t. 2 . Al OU (J " Er} Mia d H DH . D: D 
a y ` HI DH .a H H D y NC O AO DË "bn een uf pr e 
H D A A D A er? LL SÉ 444° 8 (CW EIS eo AT qe Wu Nët 3 ry d 
d D TE D les (KR . D H Con ı% DA) $ bh D (ez, vo HAM i Secher Ke re Vi? GE E 
4 D s D DR .. a DI AN PU . 0 na a D ts» H te te ett II) WW P Vë TR . .q uo. KN Ve DE ECH sm d deeg tr Ee 
H es U Vi a D NM Cr H = Jaa ı. Gi g Kd a LKA d A H ON? Zeg Lë rio a mo. eng. e D Ee? ALERT et 
Ls H .. J 0 . D DH eg Al CN EA? Lé HI 6 WO AS AA w wads ES GHHI reg e Ze ER Pr y 
D 1 D a fi D DN NI D (EA .q.. E? ye D y? sr. O ss y A rer) His Deren ER og 293 të GEÄ 1 ah wé E A 
M G D oy Fi “y 1 WI .h d y LI? SR dé al Weis ine UK TECH E AI ee Reh AA g PP 
à 1 NE .. P D re H 1 A UN] pin D top e D eis ESCHER m OAI SN P KM Paige whe ge oF re » 
A D A H 1, NI Cal Ne H ` M gr däben ze, 8 de ese el TS D'OUR WAAR EA Pe EK E 
H H a DR) t 6i ta DLW? D Lë Lekt eg, we TH 99 y pos Pe TA ı Seer tte sun dé ek DE MAKE EECH EE 
CH E LSC? dg EE Ki of H E E Eeer Ge er eed SC See oe ee eee Wad ec SEN Ye ELL E ET EE E DIE Fee 
4 5 at H 4 H D % el äi ehr, = ot er. Gose J? Fa 4 EPET LET) aw H eat e. es yes AS a ch Bil ae So heal ar pito e 
e H . . a 5 "at, E D D: fi Pad hal e at x i un nr ye E EE fi AA AR e . EE 
DU oe, D (NI D t S 4 D D Dur} PRT? 1 » 4 Pr u u GK fiel TEAN fase” Leo” It iesch rere. Dwyer: Weg Vë NEE 22277 
D ys D Cer RN D D OR We do oe set SZ AN Gë: DT SE TR ET te EM H ayi WA ddd A adhe? abet hice werent sy ary} ia EEN 
P bs ko 1 y D H 1 tepaga gapt PUEA G Wn K OR) vlg) ne 94 alfin UU WELTEN OORT e eas gee ee! e. DT DAA e ele a GT ER 
D D D G D eg e « D mn. t D Të Geer) La} A A wa sie TK See ga? LR A! VI GT DE EECH DS mses A CHA te A Pre pa 
` D D D D H H D ze A issa ea H a + O E ETT hr D DAR dt aros DOT VE Ke E A r O meets A A A a a 
d g g H as iA A BR O bos 3 P Ko IEN ATC SET ER NIT da, $ AS wiht 
e HN e 1 D H D a o. H an, Gär TE A EIA E IEA PA 3 ote 3 sie RS De IL BE AT FE TT Se elgg a etek nc DAs x per) LA Et ei E ne y 
. 8 A a D D (eeh Zur: E EE US, ISO DTN + CE ca RANIA De EE OH Aa ae, DE? Hai ve dE e e 
H D DH aoe a D a ` P LS Wi OI ee ye (RI H A KAK an e ya a | Pen FA M oe pet eae ve | an wem A RS is ll aiad Ao A TEE EE 
si y ' a D LE EES EL K D A z OA A UN CLC LAND ed an an Adna eng | os.” fra HE so AAA GE, Dad égen Adrien 
D D ' DH a wore D ID u win LR E E KR: NW LE EI MI TA CTT RRE DROE TE EWEN TEE TU Kant Pa PONT E D ETC E 
o » = N (RE | d D $ aoe a rw Ve kel E GER e E CZ Da DS LNW ee dE Ps EN Yu RO y A A e 
H ` a Le em a? TE D e eee Kl E, eh e elef (E WERT WR EA) ¡easy E 2 agate rarer IL ET fN EP SE EL Le IE Se Se EEE parok a 
VM see D 7 Lee D A Y 2,2 VW a TETAS A ee be TE! AOS CIA 9 eA? CHE TO A id dad erR TEE ae EW ei ec ET E 
à D D Eé na D OUNI (gé GH (RUE: e vu. e DÉCK ary ea ee ptg SE IL mo Ip KH RTE A Fay sd ne an posh ehr 
(D . y! H (CR E VIN RL ONE D ar Eur ae d TL vd rusa $ 10 ra POTERS E T pi KC eege? Eau De E AA 
Oe ..n D H D D H D a Ge? ' e un end, D s.-s% aa WV 1. my re BODEN A i Pe AAN esse e praia A 15 .y do 
H ' A H A P A no'i t A AC UE E ee FO N a MEER FW ICH Lei GT CL EE ME SEI RE Are 
u DH Fa | ı D ‘ DT r LL o... (NZ os .. sag AT, wt Ha 39 si ETENE OTTE) 2 TOA AA Kohl regen TTS NEN Tan KÄL gtt leg 
$ er H eer, In H ' E ica D LR Ee e Ja A POS PIT 9 1 Y “4 TT? ST DR IR PED freë ëch Kke déi. ale tae de Ps m 
a. ` (RENE D g ta ®t | Ui ed op eet Le O tw D HE ROUS ART SE Fur, IER Véi ma TT Bi DCH WE ORT EEN E VI NEE gielt be 
' a Pen y] D D am | D? F ae . LAD D 3 it Red II LSW: oz Fu MM eee Ea PS séi KA An. UU Lei ks Kun url ao | KI ee ES 
H A - 4 D D , O we d (Ree e A D au a L re Y q CE EW ZA ` ot A D TES PETTO KI HN A te ER WE NEE E A Ee, 
y A r Di DE fi D T re ee A FRE eer BASKET E y d Wie PR ene (nea AIR TU ER E e ds ra Gebees kt geg 
0 EEN „a A er a | D (WT H II TS TE PY OH INTCH ~ F ee IA PE lin: bla de e Daan al ad 
y IW D IN) H to ! H H D Per} D a» sou. D E N. D piat sh: en (cs A Pan D ed IT ld I (OD ës Wi Ia ba IN EE TAI be Leta al 
D H D A A A "e D DÉI D 1 >. (DR SE eee Nu ad MEDIE HK er IG WT Porrera no pego DR Lg dE | EE gen bet? AH cke 
D UI D D D WV V ones D s Ort E t am. ‘¢ very d REES CET DEE ea eyed A ETT ny yaa befall al AO wre de E HE 
D Sa TC] PO we Pe O TEE TETE IS WÉI Pure oda de,» ROT 44m 4) PT are y CA pr o Fees E 
Ré ' a H G ' H ... aoe e AO IO | d ASI AR va En ER TELESE paw tps eve: CR Ae DIN rra dei o been AA. ec En 
y RN © a C H Fo ee KR Le On o A P INL UR EE AE EEN e TT E a HEGER E A N KS ET STT gw D ker All, Ai det E ah ges 
H ha D D H TEF EPE NETA E A ms en e Ae eh dea IE SS a ER og $ C DEUTET Ee OD TS 
a D 1 D H of D D A ... % ety Lara E wy Pr ar Én, gx ri OA O Poe ies CTT) PU we Pa ae 7 AIR AS S da i d eege KE 
a . DN ES 24 ` WM VW ON OUT O DN KI: rat eo ne Mt T BETREIT RL SEET ONT E E TA ER KN ke 
ta D Fer) la P D ' . 2 OW D [ur BIETET er re D (AM? A ede 4 (ef WEE d q de DEM IAN EN Get: PEF ON e oe Me LY tes Re An Nod Dek et WE A a Ben 
D H IW WE | Zë? m RP D n E A T) OET ET A PO wer em» arte INTE e 7 sary pecs iy) DEN pedo je e a TT Pre BG Zeie D éi elt A rea e Taa 
‘ N TE D soon Fi Pe H v D (EC bel e Jg sen (NET DOE WOR SIE AS EN er Der EEE ESS HL uw mei) Ko SN (Ir ur Ku IST urn au TETO (Sea A TA al 
' H ' A ` UI t, N H (ed Hat ce IER: HRS KLEK KETTEN CO MRS E et E A A A a oe uaia 
ts g y D DH H D BE? mm epo 3 ue i At ett tria O ho a COOP Ue A ool! me Cas ve EE HVU HD TE ET 
D D D Lo ss t’ Sha, 8 1 up 1 I Er een. ng ale, re er na FF XD yee ove D GT E én D pe gl LN USA deele 
od 0 P D vaip S IMN WS gl RULL ZEIT Pr Lia RT EE d MEI TA ALS aM Lie Le tellt dg 
. D D 1 0. Bi ə wel EL Du date taie gi vtec TO DT KEN riyrivor A PUR IO el e LIE IT EEE LEE TE TI) ” Bud citi re 
DH H D D ti 0... Te" (ee? DC D KEE KETTEN La srjo o D KCL dd TN E E E KSC ere Nd rt Wer? 
Su i 7 ` oo... H v1. vu rum» WR es | eT et eT ee ead ee RS a eA pi a tba: 
D (NW D DÄI WE P DCH IWWEL ET (LETTRE REEL E eh ar rl ill dia 18 e Act 
D H D D tr. H ean D D H fes 4 e "OR Cf IHN HT: E ET EH NIT HREL (ée? KE: HKH N CHALE RIA DA a e 
“a g LO Dee PU Cae er o Ge de DT UR Kä DR RN Kae ees Moo LEIE T a eher ew ieee 
S DN o ... D ES va Rer Er er KK CC EN E TT RT y tad ee yr dd et pa Bee EA AR Pri bas gh 
Le et E es . O TES Si stra MIRES SEK O RA ah dek De est, Prim re AN 5 jara Lë ett? 
s H la . ) to D DH (RW a) EAN Sr, dl A Le iE E: Aë D Nerv wen re ee o BR EE dt eeh ea 
H P 5 ae sa » pke Waa DA D A TA da IN T OT ar A RAEE A peta th eh ee 
D a DA u. H D D ta rT er} A HIE DE Perey ki Malle d Pale E ER dE UA AE LE d e e DE Ah) GI Fraja ere 
D D D D TL) z D JA ch D SA AA E TEE ey PEN wee ts. y" EN O Laa pd adds er E ee ad 
d e KR Re i ke fa oy gate a vn E TAM] AER eelef d DEZ PSP BOF PO DEA lid ie 
: : .. > q. AL d IMN IA CA A ted IE WET 54 ASA AR rc WK H EG AN ARD as 
` 1 te e. “4 Hu Ga ee aha re TE mys WK WEE aa $ a ae LN deb gegen 
P e H D E E AAA AE EE, CN LAT oe 2 HE E E A E NE dee el 
RN a H H NI D z KE RGD DND JÁ ero Pa Sd AA) E AA dé iiad Lhe Sd Gene ké ER Re 
D D D - oe Ce un e É DIT RAR MS ée th Ae rien at re ¿uds LG 
H . J 2.» AU WW V Léa! JAS (DR Hs DC ET KEEN oll) diac ce Lo Md EA OK D AT d OC E TE e wé ARTE KC AC a 
D o VW DÉI o Va A 1 hn. NAME | OS ET APR SH E ek AR Ale ert GE e E DEE 
y la? AO CW ËTT GN CC IA o TODA RADA de as REA Ehe te lo 
LS Eck eg: a A . 8 CON a) AMET ACI Y A NIE Ke DER O Fr ët GE re AN ech steet o. 
y H é Vë GK we INTE KKK NE es BEE SE TEE PIE ER KOCH Ee E TE Wee eg A nn Ne ES 
0 VK Ke D AO acho H waa IW? Uri y OEA PT e De EE KAL EK 2 Kelt ge Läd 
a . ae? DN ho wie. D ny te TE EA T +t >. MATERNAL E E SA A e ee un A be 
: D , OR H 0 T E et) VIR ERAN T d pa Kä Yes MIS ate om et SS AA Edo Gen IN E pA om ES 
D H IK (ee UA Ge UW VUN AER E) 13 § thes “u oe: ass Ta KEE E ETE AT a GEET T i ina le H ASS EY KMA iia 
E UN A ` ' H das eet ce ae SMe a Phat, yep ye säi f via DEG We > AS ogee) E RECH SR VÄTER RT TE A 
N te N D D ‘ y D vi ‘ ' A TN pov iv: I 4) 7 ET KI ee RETTET PRO TIER do e a 
Pre - (E O H . 7 E E re Ue ae er at | E A A bi 3 OR is Si «ql KN Ae ab HCH e A TALA e ITU E TC EE AA Mé e DLC Dee 
; © de 1 a en, D Léi SCAM Le E ka Ee ri SORTIERT re ee SR URE Y RTS A Ke HN NM e ur AS pct pi ek be 
F R 5 NES EE SEA SEA E P SR Mag EK Ten BO ee We DI a d Dierf CRT (a Dana rare Nt od Lae Ce a tr RE H ee 
D r . D .. i pa ma tge A N Lë TOTEE TE E E T a *ye . oe) H AR Lang» d MIO iR; FC? KOCH r ei ee d STE Sé SC Al Ae 
bj D D D H D DH D b$ Fy U (E (UE) (KEMP E Se E FEN KI AN A bets WR Kéi RA as COS NA ` e PA rd A ere STEET OT H WEE KSE 
r A ` ACI P P T EA ch D WW LAT fei SILKE H DL i ONS bys d EHER en e Dären EN, 4 er pe po 
H : Lao b AOS dur $ EE et HN KN E eg I Ge mus en ei y 
: ' ` 0 > Sage H UR Rf d'V SH 3% Ze "ww Ëer, AS Deia Pr Var BCEE Ea ur a 
. i R Ci Jee e mt e d D BEEN 28 DE E ee Un EE Ee TK KE rn ZE GC rs 
A et oa D LELETET ai (WWW VEER A Tt LE SE Geh VM eg OT ECK VT d? Les La WE we GE 
ane ae . ve Aa I TER, KACKEN ME MN e auset pang Kaul E ES KEE 
H a D? er K y A ée E A AENA seta a Ne Wäi EA H 
e H » 68 E Kl .r ae ¢ SS? je DRESCH PR Bra e Leer “8 Ay A AO RYO PA a Karte NA At yon 
ES A FS H Se VE Ko Vi Grey D Hi GAR e DA Keck Ek KOCH UW TE Le eegen? 
A a a R d de gë ra ATEM y ario ci GK Ga e AA a ae 
j eto : , AE deed E e E genen di" H Dé DAN EEN ee EN Er 
y 0 LKW DEET, Aë ' SS Na siche Fin It hee WI I De RN TUE CHE Seite DA Ja A rg CC y 
$ CA ee KZ 3 A: A OE it OI DO (ech ek E aes e bt ag y Led EN FR vie AA Gr Ae e Ed RA SII ML TY Oe ER E 
E ' Laa PC HS et, SI H y t 1 gr ES TT ES BH SN $ by y sA ee D SIRO LTR} Fr d A re DURCH P Hindda A ET O T 
. 0 g D H ey er " PRL LUCA A P t MX Ui as KC? di RH (CW E DY Da CA: el d bet ae: KA tian aN 
D 5 e Bene D 1 E, LIA ST Bee: E "e Di 5375 A Wë KÉ 48 DAS SEA A a seh RAN Ce o éi kee 
ian A AL (CL d Gët IK 10 . m Pear, Bel E TN NE HENSE AA Ko “3 KN gur at di pe 
toa B - LN d t šj 5 e (SOT At Ze PER IT E a i v Li Yan 5 ET Mura E Ge Ee, E AS 
P A A b 5 H E ` Gg dibbere A EE KC We oe A Eat Hate E ALEA Lape AIR SA ES H mes tak f 
d M IO D hier ees E E Get T t A RE d PAS DI Ok EC EST WI CATAS TE AA Arer e Sg 

















ON-SITE INCINERATION OF CONTAMINATED SOIL: 


A STUDY INTO 
U.S. NAVY APPLICATIONS 
] | 
? f Po 


Thomas C. Reeves 
Shau A = 


M.S. Special Problem 


Submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Environmental 
Engineering in Civil Engineering in the Graduate 
College of the University of Illinois at Urbana-Champaign. 


Graduate Advisor: Dr. John T. Pfeffer 


August 1991 


1253544 





e 


Executive Summary 


The on-site incineration of hazardous wastes is a treatment option available for 
almost every contaminated site involving organic wastes. Rotary kilns are capable of 
destroying solid, liquid, and gaseous wastes with destruction efficiencies exceeding 
99.99%. With current monitoring technologies and fail-safe equipment, the accidental 
emission of harmful compounds can be virtually eliminated. 

With an environmental restoration program already activated, the Navy could 
benefit from the use of incineration technologies for the clean-up of many of its 
contaminated sites. or site incineration can provide the Navy with the benefit of rapid 
destruction of the organic waste compounds and can reduce the risks involved in 
transporting the wastes to treatment centers. The destruction of the wastes eliminates 
the future liabilities that can exist when wastes are placed in landfills or passed along to 
private treatment companies. 

Service contracts for the incineration of contaminated soils can follow the same 
guidelines as other cost-plus award fee contracts currently used by the Navy. ‘The 
contracts must include terms which recognize the unique factors involved in hazardous 
waste incineration such as RCRA permits, test burns, and air monitoring companies. 

With public education about the benefits of incineration over other technologies, 
and the promotion of successful applications, the public can be convinced that 
incineration can be a safe and advantageous treatment method with the capability to 


return contaminated sites to their natural conditions. 
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Introduction 


By Executive Order 12088 dated October 13, 1978, President Carter ordered all 
l'ederal agencies, including the Department of Defense (DOD), to comply with 
applicable pollution control standards and to cooperate with the Environmental 
Protection Agency and other state and local environmental agencies. In addition, the 
President established a limit to exemptions [rom pollution standards for Federal 
agencies, with said exemptions granted only through statutory determination of national 
security interests er other paramount interests of the United States. The limit to 
exemptions was a clear signal that the Federal government was going to have to learn 
to conduct its business in an environmentally-sound manner. 

This Presidential Order placed on the U. S. Navy the same responsibility for 
environmental awareness that was placed onto other Federal, state, and private entities 
by the pollution control legislation. From the Clean Air and the Solid Waste Disposal 
Acts to the Resource Conservation and Recovery Act and the Comprehensive 
Environmental Response, Compensations, and Liabilities Act, the Navy has Executive 
and Congressional mandates to ensure that its operations are conducted with 
environmentally-responsible methods and to remediate past environmental 
mismanagement. 

The environmental health of Navy installations reflects the environmental 
conditions in the rest of the United States. Across the nation, leaking fuel storage tanks 
have saturated soils and contaminated groundwaters, PCBs from old transformers have 
contaminated soils and storage structures, and metal and organic compounds have 
migrated from inadequate storage and disposal sites. With the possible exception of 
ordnance contamination of soil and groundwater, nearly all incidents of contamination 


at Navy installations can be expected to exist in local government or private situations. 








This widespread similarity between the private sector and the Navy will allow the 
Navy to adopt proven technologies for cleanup operations. 

As increased funding is provided for the remediation of contaminated sites, new 
technologies will emerge to compliment the existing list of proven technologies. Any 
contaminated site will have characteristics that will allow the consideration of several 
differcnt treatment techniques. ‘The treatment technique will be chosen with regard to 
costs, risks, and desired treatment levels. The EPA has categorized treatment 
technologies by identifying them as established or innovative. Of the Superfund site 
cleanup plans issued between 1982 and 1989, 61% ol the specified techniques have 
been the established technologies of incineration and solidification/stabilization. Thirty- 
seven percent of the specified techniques have been innovative technologies, such as 
bioremediation, vacuum extraction, and soil washing.! Figure 1 shows this data. 

The fact that incineration is listed as an established technology and that it has 
been chosen by so many Superfund cleanup plans is a strong argument in support of 
incineration. Ihe function of an incinerator is to destroy waste in a sale. 
environmentally-acceptable and cost effective manner.’ Today, perhaps the biggest 
challenge involving the incineration of wastes is the public opposition. I:nvironmental 
and local civic groups often challenge the safety and environmental impact of 
incineration. I:ven with the challenges, incineration is expected to continue as a major 
technology for waste destruction.? 

This paper will explain the key issues involving incineration and detail the 
advantages of incineration over other treatment options. ['urther, it will investigate the 
use of mobile incinerators on Navy remediation projects and discuss the key issues 


involved in the implementation of incinerators into the Navy contracting methods. 
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An Argument for Incineration | 


Combustion 

Combustion is the high temperature, rapid oxidation of carbon and hydrogen. It 
is a chemical reaction in which oxygen reacts with the carbon and hydrogen to form 
carbon dioxide and water. Incineration is the controlled use of combustion to 
accomplish a specific goal, which is usually the destruction of a waste lor volume 
reduction or energy generation. While ihe differences between combustion and 
incineration are not important, in this text incineration will be used to describe the 
thermal destruction of waste material. 

The incineration ol wastes was used in the United States as early as 1885.4 
Even as recently as 1950, the use of incineration as a waste disposal method did not 
include a concern for the environment. Early incinerators were constructed and 
operated without concern for products of incomplete combustion (PICs), particulate 
matter, or other pollutants. Today, with the implementation of the Clean Air Act of 
1970 and its subsequent amendments, incineration has evolved into an advantageous 
and sale disposal option. 

Modern incineration technologies are extremely advanced over the technologies 
in use only thirty years ago. Aw pollution control devices have been studied and 
developed that can reduce harmful gases and particulate matter from the exhausts of 
incinerators. But the public does not have the impression of incinerators as modern and 
Safe reactors. As with landfills, the public maintains the vision of incinerators as 
sources of pollution. The public often perceives landfills as they have been in the past: 
un-engineered, leaking holes that stink and attract pests. The public also perceives 
incinerators as old, inefficient engines that emit black, noxious clouds of pollution that 


will eventually come to earth with the rain. Photographs of smog in Los Angeles and 





other large cities lend support to the public who have no faith in the ability of engineers 
to provide clean air. 

Given the past engineering practices concerning incineration, the fears of the 
public are not unfounded. But the public needs to be shown that modern incinerators 
can provide safe, environmentally-sound alternatives to other disposal methods. 
Actually, the public can honestly be told that incineration is a safer method of waste 
disposal than many other alternatives and that incineration should often be the first 
choice. As will be discussed later in this paper, a good incineration plan must include 
an aggressive public information program with public involvement in the early stages 
ol the project planning. 

To recommend incineration as a treatment option, the critical characteristics of 
combustion and incineration such as temperature, residence time, and PICs, must be 
understood. Ihe efficient control of these characteristics is what makes incineration the 
best available technology (BAT) for many contaminated sites. A discussion of many of 


the critical characteristics and of the part they play in incineration is presented below. 


Temperature 

Temperature 15 probably the most significant factor in the destruction of 
hazardous waste.” In early refuse incinerators, it was believed that a temperature of 
1200°F was sufficient to minimize the odors during incineration and was therefore the 
target temperature.6 However, at this temperature, a multitude of un-combusted 
compounds were being emitted into the atmosphere through the flue gas. As concern 
for air quality and analytical techniques improved, it became clear that the 1200° F flame 
temperature would not be sufficient to meet the new emission standards. Many 
compounds in waste streams will not even ignite at 1200°F, much less cleanly combust 


to carbon dioxide. Cyanogen, for example, has an ignilion temperature of 1562° I’. 





Residence Time 

The residence time in an incinerator is defined as the actual time a waste 
constituent or its by-products remain within the combustion chambers. This time is 
critical and is influenced by the geometry of the chambers and the combustion air flow. 
Increased combustion air flow can allow for increased waste feed, but it will also 
decrease the residence time of the compounds within the chambers. ‘The required 
residence time of a gas in the chamber is often linked to the temperature in the 
chambers. [or instance, EPA requires the following combustion criteria for the 
incineration of liquid PCBs>: 


1) The liquids introduced must be maintained for a 2-second dwell time at 1200 
+ 100 degrees Centigrade and 3 percent excess oxygen in the stack gas. 


Or 


2) Alternately, the liquids introduced must be maintained for a 1.5 -second 
dwell time at 1600 + 100 degrees Centigrade and 2 percent excess oxygen in 
the stack gas. 


Principal Organic Hazardous Constituent 

The Principal Organic Hazardous Constituent (POLIC) is a specific compound 
in the waste stream that is selected for monitoring during the trial burn of an 
incinerator.? The flue gas of the incinerator is monitored for the POHC and its by- 
products to determine the Destruction and Removal HFificieney (DRE) of the 
incinerator. The POHC of a trial burn must be equally or more difficult to burn than the 
other compounds in the waste stream. More than one compound may be identified as a 
POHC such as the most abundant compound in the waste and the most toxic. 
Additionally, when any waste stream includes chlorinated aromatics, dioxins and 


furans are sure to be among the POIICs. 
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Combustion By-products 

The chemical reactions that are present during complete combustion create 
carbon dioxide and water from carbon, oxygen, and hydrogen. [hese compounds are 
the end products and do not reflect the intermediate reactions or intermediate 
compounds present during the combustion process. The combustion by-products 
resulting from complete combustion will be a direct result of the clemental analysis of 
the waste stream and of the combustion air. Table 1 shows some of the standard 
combustion reactions that can be expected from a properly-operating combustion 


chamber. 


Standard Combustion Reactions | 


O 2005 

2 Hy + O2 === 2 H20 
H++Cr === HCI 
N + 09 === NO 


Sl, esas LE Jo) 





Table 1 





While none of these standard combustion products is considered desirable, thev 
are typical products of combustion in many industrial combustors and power- 
generation boilers and their emission does not directly create adverse health effects 
(unlike dioxins and furans). [Extensive research and field application have been 
conducted into equipment to remove hydrochloric acid and sulfur dioxide from flue 
gases using, for example, wet scrubbers and limestone adsorption towers, respectively. 
Modified high efficiency burners are being developed to limit the nitrogen dioxide 
formed during combustion. Since methods have been developed to limit the worst ol 
the combustion by-products, attention is focused at preventing the formation and 


escape of intermediate products (PICs). 


Mixing 

‘The mixing of the combustion air with the waste compounds is critical lo ensure 
complete combustion. A well-mixed reactor will have well-developed flame zones that 
will subject all of the waste compounds to the high temperatures. Poor mixing can 
result in cool zones within the reactors and thereby allow non- or partially-combusted 


compounds to leave the reactors. 


Products of Incomplete Combustion 

PICs are formed in the initial combustion chambers of incinerators and are 
actually gases, organic compounds, or metallic organics that were not completely 
disassembled during the combustion reactions.* They can be caused by insufficient 
temperature, insufficient residence time, insufficient oxygen, or incomplete mixing. | he 
monitoring of the PICs and the ability to destroy them and the POHCs are at the 
foundation of every incineration permit. It is the escape of PICs that constitutes the 


hazards of incineration. 








Incinerators 

An incinerator is basically a combination of a furnace and a chemical process 
system with the primary purpose of waste destruction and volume reduction.” An 
incinerator can be operated with an energy recovery process, but the recovered energy 
is a side benefit and is not involved in the primary purpose. Specifically, an incinerator 
is used to achieve thermal destruction of a waste. Many types of thermal destruction 
devices exist today, some with specialized waste requirements. {his paper will focus 
on the rotary kiln incinerator, a widely used incinerator because of its versatility. A 
rotary kiln is capable of incinerating liquids, solids, and gases simultaneously. 

A rotary kiln incinerator consists of a large rotating, refractory-lined drum with 
the input end raised (Figure 2). ‘The rotational movement of the drum around the 
horizontal axis moves the solid waste towards the output end while mixing it. Good 
mixing in the drum is necessary to ensure that all of the waste is exposed to the high 
temperatures. he rotation speed of the drum determines the solids detention time, 
which can be hours®. Within this drum, the waste is subjected to a temperature around 
1400 - 2000° F.” The volatile components of the waste are volatilized and leave the 
drum with the gas stream. The non-volatile organic components are combusted within 
the drum, with the inorganic ash leaving the system at the end of the drum. If the waste 
does not contain enough organic matter to sustain the combustion at the proper 
temperatures, an auxiliary fuel can be used. 

Subsequent to the rotary kiln is a secondary combustion chamber with the 
primary responsibility to completely combust the volatile waste components remaining 
and the PICs formed in the kiln. ‘he afterburner in the secondary combustion chamber 
will usually burn auxiliary fuel to ensure constant temperatures around 2400°I. Since 
this chamber is the last chance for combusting waste compounds and PICs, its proper 
operation is critical. Liquid wastes will normally be sprayed directly into the 


secondary chamber with water-cooled wands. 





| Typical Rotary Kiln Incineration Unité | 
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To reduce maintenance costs, the best operating conditions involve a continuous 
incineration schedule: twenty-four hours a day, seven days a week.’ All rotary kilns 
have pollution control equipment to ensure adherence to the particulate and acid gas 
emission standards. Additionally, incinerators must have “fail-safe” systems to allow 
for automatic waste feed cutoff when operating parameters violate the permit 
boundaries.!! 

To improve the economic and political acceptability of incinerators, auxiliary 
fuel burners are being developed which would reduce the nitrogen oxides produced 
during combustion. Research has shown that the utilization of pure oxygen for the 
combustion gas instead of air will reduce the nitrogen oxides by eliminating the 
nitrogen from the air, will save auxiliary fuel by eliminating the requirement of heating 
the nitrogen, and will reduce particulates in the flue gas by producing lower gas 
velocities within the primary combustion chambers.!2 Since dioxin molecules normally 
leave the incinerators attached to particulates, the reduction of particulates is an 
important result. 

On-site incineration involves the use of mobile treatment units (MTUs) and 
transportable treatment units (TlUs). MIUs are incinerator systems that are mounted 
on a few trailers or skids and have relatively short start-up times, some as short as one 
or two days.!3 They usually include their own support systems, such as generators and 
wastewater treatment systems, and are normally used for smaller cleanup projects of 
less than a year. TTUs are larger, semi-permanent incinerator systems that require ten 
to twenty trailers and start-up times of several months. They provide the advantage of 
larger capacity while forfeiting rapid set-up times and are used for larger cleanup 
operations that will last for more than a year.!3 The use of MTUs and ITUs will 
reduce the competition for the limited treatment capacity at lixed incinerators and 


thereby help reduce the possible shortfall in fixed facility capacity. t? 





On-site incinerators are currently being used or developed by the following 


companies®: 
Existing: EPA-Office of Research and Development 
ENSCO Environmental Services, Franklin, UN 
Winston Technology Inc., I.auderhill, ET. 
DETOXCO Inc., Walnut Creek, CA 
Under development: International Waste Energy Systems 


John Zink Services, Inc. 
Rollins Environmental Services 


Trade Waste Incineration - A Division of Chemical 
» Waste Management 


When product recovery instead of product destruction is intended, as in the 
recovery of unused fuels that have leaked from an underground storage tank, other 
thermal treatments are available. The Low Temperature Thermal Treatment (LT3) 
involves the use of elevated temperatures to drive volatile organic compounds (VOCs) 
from the solid medium. As shown in Figure 3, heat is applied to the soil by a hot oil 
process through heat exchangers with the advantage of separaling the healing medium 
[rom the waste. Since heat is applied through the hot oi, the flue gas from the heating 
unit does not come into contact with the contaminants in the soil. Another advantage of 
the system is that, since volatilization not incineration is the goal, the soil matrix does 
not have to be heated to the extreme temperatures required during incineration. With 
operating temperatures around 400° F, the 113 system has the capability of returning 
the soil to its original condition.!4 It is important to point out that this system was 
developed with the goal of treating soils contaminated with VOCs. Because of the low 


operaling temperature, this system is nol applicable for wastes with dioxins or PCBs. 





Process Schematic: 





Low Temperature Thermal Treatment System!* 
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Figure 3 
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Alternate Treatment Technologies 

Technologies other than incineration can be used to remediate a hazardous waste 
site. Depending upon the waste type, extent of contamination, and desired results, 
engineers have a variely of options available. ‘The treatment results range from 
separating the contaminant from the environment to transforming the waste into less- or 
non-hazardous substances. Several of these technologies are explained below. The 
advantages of incineration over these technologies will be covered later in this paper. 
As can be seen in Table 2, however, none of the treatment methods is as versatile as 


thermal destruction. 


Solidification/Stabilization 

This technology involves the use of binding and neutralization agents to entrap 
liquid and sludge wastes within a solid matrix. Since the primary goal is minimizing the 
escape of the wastes, the matrix must have a high structural integrity.13 Examples of 
binding agents include cements, lime, thermoplastic resins, and glass. The method 
chosen will depend significantly on the chemical characteristics of the waste. Upon 


stabilization, the solids are then placed into landfills for disposal. 


Biological Treatment 

Biological treatment of hazardous waste includes the identification and 
promotion of specialized bacteria that can utilize the wastes for metabolism. Co- 
metabolism, the transformation of a compound without apparent benefit (growth) of the 
cell, is also possible but must occur in the presence of a compound that can be used for 
growth. Common contacting methods include batch reactors, landfarms, lagoons, and 
leaching beds. In-situ treatment with biological cultures is also a possible contacting 


method. 





Predicted Treatment Effectiveness For Contaminated Soil: 





Technology 
Treatability Group Bioremediation Immobilization Dechlorination Solvent Thermal 
Extraction Destruction 
Non-Polar 
Halogenated X O! @ ! = 4 
Aromatics (W01) 


Halogenated PCBs 
Dioxins, Furans and » O! = © e 


Their Precursors (W02) 





Halogenated Phenols, 
Cresols, Amines, 


Thiols, and Other Polar . e () I © l ey Lt 


Aromatics (W03) 


Halogenated 
Aliphatic Compounds (W04) 


- 
x 


E o e 

Halogenated Cyclic 
Aliphatics, Ethers, | 
Esters, and Ketones (W05) Ä 


O 
E 
© 
. 


O3 a e 


Nitrated Compounds (W06) 


Heterocyclics and 


e e 
O 


x O3 


Simple Non Halogenated 
Aromatics (W07) 
Polynuclear 

Aromatics (W08) 


O! O3 
Other Polar Non- 
Halogenated Organıc 
Compounds (W09) 

Non- Volatile Metals (W10) 


O! O3 
O3 


xx © 
© 

CO © © 
© 


Volatile Metals (W11), 


Demonst ated effectrveness 1 Data were screened from consideraton for regulatory purposes. These date suggest that tns technology 
Potermally effectrve (in certam sttushons) may be effectrve m certam stuatons 


No expected effectrveness (no expected uterference to process) 2 Data were not avaiable for this reatabity group Data for compounds with smmilar physical and 


Not recommended (potential adverse effects to environment ot process) chemical char arterishcs suggest that thas technology may be effectrve m certam sttuatuoms 


3 ‘The physical and/or chemwal char actanstes of the constituent of tas readahhty group suggest that this 
technology would not be effectrve 








Chemical ‘lreatment 

Chemical treatment can include neutralization of acidic or basic wastes, 
precipitation of hazardous compounds utilizing oxidation and reduction reactions, 
coagulation and flocculation, and dechlorination. Often, chemical treatment processes 
convert toxic and hazardous wastes into non-toxic or less-hazardous compounds that 


still require further treatment or recovery. 


Physical Treatment 

Physical treatment methods can include membrane separation processes, air 
stripping, adsorption, distillation, and other physical processes that are aimed at 
removing the contaminants from the environmental carrier (soil or water) or al 
significantly reducing the volume of the waste stream by concentrating the waste. 

All of the available treatment techniques were not described in the information 
above. The descriptions included did, however, provide general information about the 
alternatives to incineration and will allow a discussion of the advantages of incineration 


when compared to the alternative methods. 
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Advantages and disadvantages of incineration 

The possible release of POHCs and PICs is the biggest disadvantage of 
incineration and is the most prevalent challenge to hazardous waste incineration 
permits. Specifically, the release of dioxins and furans is a major concern of civic and 
health groups opposed to incineration. Several arguments can be made against the 
carbon dioxide and nitrogen dioxide that are produced by incinerators. llowever, 
incinerators are such small contributors to the total mass of each of these contaminants 
emitted each year that they produce no significant amount. Power generation facilities 
and vehicle exhausts contribute much more of the “standard air pollutants” than 
incinerators so that incinerators can be ignored as insignificant contributors in this 
instance. 

Presently, the cost of incineration is often inhibitory. ‘Trial burns for incinerators 
can cost as much as $200,000, and the cost per ton of a landfillable waste can be as 
high as $142 for incineration versus $50.46 for landfilling (1981 dollars).!7 As 
regulatory requirements develop against landfilling. the economic justification for 
incineration can be expected to improve. Solidification also has an economic 
advantage over incineration, with prices of incineration of solids and sludges ranging 
from $5 to $8 per gallon compared to $3 per gallon of solidification processes.'8 Since 
the EPA has required incineration only for solvents, dioxins, and halogenated organics, 
the generator’s preference prevails for the treatment of other organic wastes and 
therefore economics plays an important role in how hazardous waste treatment 
decisions are made.!8 

A primary advantage of incineration over other treatment options is that 
incineration can provide the complete destruction of the hazardous organic constituents 
in every waste stream. This is significantly different from many of the alternate 
treatment processes discussed earlier, most of which provide the separation of the 


waste from the environment. The Superfund program's mandate is to select cleanup 
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remedies that permanently decrease the toxicity, mobility, and volume of hazardous 
wastes.!6 This mandate is the perfect description of incineration results. Precipitation, 
coagulation, extraction, and adsorption all produce a concentrated waste product, 
usually with an additional chemical compound or carrier added to the waste stream. 
Incineration destroys the hazardous organic compounds and leaves only inorganic ash 
and hydrochloric acid (which 1s easily neutralized) as waste products. 

Incineration is a rapid treatment method, with typical load rates of mobile 
incinerators of 25 tons of contaminated soil per day.!> Compared to biological 
treatment of soil, which may take vears or even decades for detoxification, incineration 
provides the important benelit of a rapid completion to the treatment project. 
Depending upon the operational schedule and the scope of the contaminants, an 
incineration project could include an on-site period from several months to several 
years. At the Cornhusker Army Ammunition Plant near Grand Island, Nebraska, forty- 
thousand tons of explosive-contaminated soul were incinerated between October 1987 
and July 1988, a time which included a non-incineration period from mid-October 1987 
to February 1988.1? Other treatment methods may include rapid completion of 
chemical or physical waste treatment in either continuous or batch process, but lew can 
offer the rapid destruction of the waste. 

Mobile incinerators offer the advantage of on-site destruction of the waste. A 
large cost in most off-site remediation schemes can be expected to be the transportation 
costs associated with transferring the waste to the treatment site and the ultimate 
disposal site. On-site incineration systems could operate without any interstate or 
highway transportation requirements, especially if the ash from the incinerator does not 
include any heavy metals or other contaminants or can be retained on-site. Also, with 
the requirements for hazardous waste manifesting and transporting, the transportation 


of hazardous wastes across large distances should be avoided if at all possible. 
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The versatility of incinerators is surely responsible for the growth of incineration 
as a treatment technology. Incineration as a technology is applicable to liquids, solids, 
sludges, and gases. Many incinerators can handle wastes in more than one physical 
state. Most rotary kilns, for example, can treat liquid and gas wastes using spray 
nozzles while at the same time treating solid wastes in soul or other matrices. Some 
slagging incinerators can process wastes in drums; the drum of waste is fed into the 
incinerator, the waste is incinerated, and the steel drum exits as a molten slag. As a 
comparison, the type of solidification technique used is highly dependent upon the type 
of waste. Biological treatment of wastes may often require substantial dilution ol the 
waste to a biodegradable concentration. A waste stream may often require treatment 
before exposure to a biological culture to ensure no other toxic compounds are 
included along with the waste that is to be processed. The chemical treatment of a 
waste stream may only affect one compound ol the stream, requiring further treatment 
or disposal of a still-hazardous waste. With incineration, however, the waste may be 
loaded in practically any form, concentration, or combination, and, with the exception 


of metals and other inorganics, the waste will be destroyed. 





Regulatory Control 


The Resource Recovery Act of 1970, a federal law intent on initializing the 
overhaul of the nation’s solid waste disposal practices, was also the first federal law to 
recognize that there was a serious problem in the way toxic and hazardous waste were 
managed.® 

The 1976 Resource Conservation and Recovery Act (RCRA) was the federal 
law responsible for defining the differences between solid and hazardous wastes and 
for establishing the regulatory mood for future environmental legislation. ‘The impact of 
RCRA on the practices of American industry 1s enormous, and it plays a lead role in the 
remediation programs discussed in this paper. It established the accountability of 
generators, transporters, and disposers for the safety of their operations and for the 
proper disposal of the hazardous wastes. 

The Comprehensive Environmental Response, Compensation, and Liabilities 
Act (CERCLA) broke new legislative ground by declaring that the federal government 
would take an aggressive role in the cleanup of the environment. The law was 
designed to pass the cost of remediation programs back to the responsible private 
parties. It created a Superfund of money for orphaned sites that is financed by taxes on 
the chemical manufacturing industry. [Equally important, however, are two other 
policies that come from the law: first, the Superfund will allow remedial action for 
contaminated sites even without a reimbursement agreement with the responsible 
parties, and second, it established the legal responsibility of proper waste disposal onto 
the waste generators. Even if a waste generator properly passes the waste onlo a 
permitted landfill or waste disposal company, the generator is still liable for the proper 


disposal and the future behavior of the waste. 





The impact on the remediation of contaminated sites and on incineration 
programs by RCRA, CERCLA, and the Superfund Amendments and Reauthorization 
Act (SARA), which provided money for the Superfund, ts substantial. [fazardous 
waste incinerators are permitted under RCRA Part B guidelines.2° RCRA has also set 
the guidelines for the cradle-to-grave manifest system, which regulates Ihe 
transportation of the wastes. 

The EPA has established Destruction and Removal Fificiencies (DRI:) for 
compounds in incinerated wastes to prevent the escape of these compounds through the 
stack. For PCBs, EPA has mandated a DRE greater than 99.9999%°,. RCRA has 
established performance standards for the incineration of hazardous wastles?: 


1) A DRE of 99.99% for each POHC designated. 


2) A maximum HC! emission in the flue gas of 1.8 Kg/hr or 1% ol the 
HCl that existed before the pollution control equipment, whichever ts less. 


3) Maximum particulale matter emission of 180 mg per dscm, corrected to 7% 
oxygen. 


‘Trends in Regulations 

To accompany the landfill ban on contaminated soil and debris, EPA must chose 
a Best Demonstrated Available Treatment (BDAT) upon which to base the treatment 
standards. In EPA's initial review of soil treatment data, incineration was proven to be 
highly effective. If incineration is to be chosen as the BDAT for soil and debris, its 
position in the remediation market would surely be strengthened. !© 

However, the path for incineration has not been totaily cleared. RCRA Part B 
permits can take as long as two or three vears to be issued. While Section 121 of 
SARA releases Superfund sites from federal, state, and local permits, non-Superlund 
sites are required to obtain state and local permits.!© ‘Three-year permitting processes 
will surely kill the idea of using mobile incinerators for small cleanups. ‘The confidence 


that is shown in incineration at Superfund sites is ignored at non-Superfund sites. 
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A proposed EPA permit rule would also require the use of mobile incinerators 
to be linked with RCRA corrective actions, which would require total site cleanup 
anywhere a mobile incinerator is used.!© ‘This would definitely discourage the use of 
mobile incinerators to accomplish the small, short term housekeeping cleanups where 


the incineralor application could excel. 
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Environmental Status at Naval Installations 


CERCLA and SARA established the Superfund and provided cleanup and 
emergency response funds for hazardous substances released ınto the environment at 
non-Department of Defense installations. Since DOD ıs excluded from utilizing 
Superfund money?!, Congress created the Defense I:nvironmental Restoralion Program 
(DERP) to fund the environmental cleanup on DOD properties. From the DERP 
guidelines, the Navy has created the NACIP (Navy Assessment and Control of 
Installation Pollutanis) Program. 

Patterned after the Superfund project development process, the NACIP 
Program includes the following phases: 


Phase I: Initial Assessment Study Preliminary Assessment 
Site Inspection 


Phase II: Confirmation Study Remedial Investigation/Feasibility Study 


Phase I: Implementation of Corrective Record of Decision 
Measures Remedial Design 
Remedial Action 


While the time involved in the remediation program will differ for each site, it can be 
seen from Figure 4 that the time span could stretch from four to eight years. This 
extended time frame is needed to ensure that complete investigative efforts are 
undertaken and to allow for Federal and local agencies to permit the remediation plan. 
As experience is gained with the remedial efforts and confidence is gained with the 


technologies utilized, the time span from beginning to end should decrease noticeably. 
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Figure 4 


[n Superfund projects, the Record of Decision identifies the potentially 


responsible parties and the basis for cost recovery for the Government-funded cleanup 


action. Since the generator of the contamination at Navy sites will not usually be 


questioned, the identification of responsible parties for cost recovery is not expected to 


be a normal part of the program. Money will be dedicated from the DERP funds for 


each NACIP site. It is conceivable that some non-Navy or non-DOD parties could be 


involved in some of the contaminated sites and could be accountable for a portion of 


the cleanup costs, but this scenario can be expected to be a rare exception to the normal 


implementation of the NACIP Program. 
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By 1990, the Navy had identified over 2000 contaminated sites at 184 Navy and 
Marine Corps installations.3. Using the EPA's model for estimating remediation costs, 
one estimate projected a cost of more than $2.3 billion to complete the installation 
restoration al Navy facilities.22 The Navy's Fiscal Year 1991 requirement for NACIP 
expenditures was identified at $260 million. Although most of the funds obligated to 
date have been used for site investigation and confirmation, some remedial actions have 
been implemented. By 1990, design and construction of cleanups were underway or 


complete at more than 100 Navy sites.** 


Contaminated Sites at Naval Installations 


The top five wastes generated by Navy operations are as follows?!: 


Petroleum, Ou, Lubricants (POL), and solvents 

. Other (nonrecurring wastes not easily fit into other categories) 
Inert (rubble, usually construction debris) 

. Ordnance 

PCB 


e GG CS 


While identifying the waste types does describe one aspect of the Navy's 
problems, a more informative description can be found in the listing of the five major 


contaminant categories/site problems found at Navy installations:7! 


Organic substance contamination of groundwater and soil 

. Combined wastes in landfills resulting in groundwater contamination 
PCBs and pesticides contamination of groundwater and soil 

. Ordnance-related compounds contaminating groundwater and soil 
Heavy metal contamination ol groundwater and soil/sediment 


Se ee oe 


Because of the various mediums that can contain the same waste, it is 


advantageous to identify the common industrial wastes and assign each to one of the 








major contaminant categories. For example, knowing that heavy metals are the primary 
hazardous constituent of blasting grit provides information concerning the hazards and 
possible treatment options involved with blasting grit. ‘Table 3 reflects the types of 
wastes generated at Navy facilities and assigns each to a contaminant category and 
thereby to an available treatment option. 

By grouping individual wastes into contaminant categories, wastes can also be 
grouped into treatment technologies. ‘lable 4 identifies available technologies for each 
of the five waste categories. The information provided in Table 4 constitutes the top 
technologies in each category and does not reflect all of the available treatment options. 

To further describe the environmental condition at Naval installations, all 
suspected contaminated sites are classified as one of thirteen possible site categories. 


Table 5 lists these categories. 


Organization of Naval installations 

The Naval Facilities Engineering Command (NAVFAC) is the engineering 
organization responsible for planning, procuring, and maintaining all facilities for the 
Navy. Comprised of Naval olficers and civilian employees, NAVIAC's presence 
extends to every building, utility, infrastructure, and property owned or utilized by the 
Navy in support of fleet operations. 

NAVFAC maintains seven Engineering Field Divisions (EFDs) which control 
the Naval facilities in all parts of the world. At an EFD. engineering, contracting, and 
planning personnel are positioned to provide technical assistance to the individual 
activities (bases) within a designated geographic region. It is through the EFDs that 
NAVFAC promulgates policies for procuring, maintaining, and planning the future of 
the facilities. “he EFDs also provide expert technical advice and services for the 


activities. 
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wm 
| Waste Type 
| Acid 
Asbestos 
Ash 
Base 
Blasting Grit 
Dredge Spoils 
Electrolvte 
Gas Cylinders 
Hypochlorite 
Industrial Liquid Waste 
Industrial Sludge 
Industrial Waste water 
Inert 
Low-level Radioactive Waste 


Ordnance Compounds 
Other 


O A s a: 


Paint 

PCB 
Pesticides 
Plating Waste 


Petroleum, Ou, Lubricants 
POL Sludge 

Propellant 

Refuse with Hazardous Waste 


Refuse without Hazardous Wastes 
Scrap Metals 

Solvents 

Unexploded Ordnance 


ntaminant Cat 


Acid Waste 

Asbestos 

Heavy Metals 

Caustic Waste 

Heavy Metals 

Organic Compounds / Ileavy Metals 
Acid Waste / Heavy Metals 
Unknown 


Toxic Inorganic Compounds 


Organic Compounds / Heavy Metals 

Organic Compounds / Heavy Metals 

Organic Compounds 

Not included 

Not included 

Ordnance 

Organic Compounds/Heavy 

Metals/Toxic Inorganic Compounds 

Heavy Metals 

PCBs and Pesticides 

PCBs and Pesticides 

Acid Waste/Toxic Inorganic 
Compounds (cyanide)/Teavy Metals 

Organic Compounds 

Organic Compounds 

Organic Compounds 

Organic Compounds/Heavy 
Metals/PCBs and Pesticides 

Organic Compounds / Heavy Metals 

Heavy Metals 

Organic Compounds 

Ordnance 


Waste Type/Contaminant Category Pairing?! 


SEE a a n re Bars 





Table 3 





| 
| 


Remedial Measures Technology Alternatives”! 


EE KE EE Sar ae 
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Contaminant Category Groundwater Soil 


Organic Compounds 


Combined Wastes 


PCBs and Pesticides 


Ordnance 


Heavy Metals 


Photochemical Oxidation Incineration 
Biological Treatment Soil stripping 
Freeze Crystallization Molten Glass 
Adsorption 


Biological Treatment 
Freeze Crystallization 


Photochemical Oxidation Incineration 

Freeze Crystallization Chemical Dechlorination 
Biological Treatment Molten Glass 
Photochemical Oxidation Molten Glass 


Carbon-Augmented Bio Treatment 
Freeze Crvstallization 


Chemical Treatment Inorganic Solidification 


Adsorption Chemical Treatment 
Above-ground Bio | reatment Molten Glass 


Table 4 
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Site Categories at Naval Installations?! 





1) Above-ground tanks 
2) Burn area 

3) Disposal area 

4) Disposal Pit (limed) 


5) Disposal Pit (unlined) 
6) Inert site 
| 7) Landfill 


| 8) Ordnance site 


9) Spill area 
10) Storage Area 


11) UST 


12) Waterbody 
13) Other | 


Site Category Definit 


Tanks, usually containing fuels, whose structures are not 
primarily in contact with soil. 


A location at which firefighting exercises have been 
conducted using flammable solvents to create training fires 


A “backyard” area that has received waste but has not been 
designated to receive wastes. 


A depression in the earth with an engineering liner intended 
to control the migration of contaminants. 


A depression in the earth used for the disposal of wastes. 
A site that has received rubble, such as construction debnis. | 


A location designed to receive wastes and actively 
operated for the intentional disposal of wastes | 


A location used for the disposal of ordnance materials, 
primarily chemicals associated with explosives. 


A location at which a leak or one-time spill event occurred. 


A location at which drums or other containers were used to 
store materials that subsequently leaked or spilled. 


A tank, usually containing fuels, whose structure 1s 
primarily in contact with soil. 


Nontransient water, such as a lake, river, estuary, or ocean. 


Sites that were judged not to fit into another category, such 
as radiological waste disposal, sediments, and pipelines. 


Table 5 
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NAVFAC provides each Naval activity with a public works officer (PWO) 
responsible to the Commanding Officer of the activity for maintaining the activity's 
facilities and for planning for the future mission of the activity. Although the PWO 
works for the activity's Commanding Officer, the public works organization is 
responsible to the Commander ol NAVFAC for following the procedures and 
guidelines thal NAVFAC has established for the proper execution of the activity's 
maintenance and construction budget. 

The extent of the public works department at each activity is based on the size of 
the installation and the mission of the activity. Large installations will have large public 
works departments, employing maintenance craftsmen, engineers, fiscal experts, and 
contract specialists. In addition to typical building and utility maintenance, such 
departments could have responsibility for maintaining railroads, cranes, sanitary and 
hazardous waste treatment plants, industrial operations such as foundries and 
electroplating shops, and many other diverse operations required for the Navy's 
mission. Small bases may have public works departments consisting of only a few 
employees. Such bases will have arrangements in which maintenance services are 
purchased through contracts from other Navy activities or from private businesses. 

Commanding Officers (COs) are responsible for all operations onboard their 
installations, including all operations which could produce environmental 
contamination or damage. Since most COs have a limited formal education in 
environmental engineering topics, they rely extensively on their public works officers 
for the administration of the installations environmental protection programs. The 
PWOs, through their function of maintaining the installation, are also responsible for 


identifying contaminated sites onboard the installation and coordinating remedial action. 





Application of Incineration at Navy Installations 


Navy Contracting Methods 

The Naval Facilities Engineering Command is responsible for procuring Navy 
facilities and services relating to construction. Facilities contracting must be in 
accordance with the Federal Acquisition Regulations (FAR). The FAR was 
commissioned by Congress to establish a set of laws which Federal agencies ınust use 
for contracting supplies and services. Ihe Department of Defense established the 
Defense Acquisition Regulations (DAR) to augment the FAR and to provide guidance 
for DOD cc These two documents establish contracting laws and procedures 
meant to protect the rights of private businesses thal conduct business with the 
Government while protecting the Government's rights under contractual agreements. 

For construction contracts and services, the FAR establishes contracting 
procedures that cover all procurement actions from project design to contract 
completion. Critical contract clauses are provided by the FAR and are included in 
contracts verbatim. ‘lo implement the legislative requirements of the FAR, NAVFAC 
has published the Contracting Manual (NAVFFAC P-68) that establishes policy and 
procedures for contracting officers to follow while procuring facilities and services. 

The environmental remediation contracts that will be used to remediate Navy 
sites will have to obey all of the KAR and DAR contracting rules. While the end result 
of the remediation contracts will be different from the typical construction contract, the 
contract procedures and administration will not be beyond the scope and training of 
existing contracting offices. 

Most of the contracts in use today by the Navy for construction and services are 
fixed price contracts, in which the lowest qualified bidder is selected for a finite design. 
Excluding modifications, the contractor is responsible for delivering the finished 


product at the bid price. 
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Indefinite quanlity contracts are used when the scope of the project is known but 
the exact quantity of the item requiring service is unknown. Often a sub-surface 
condition is not completely understood until excavation. With soil incineration, a 
contractor could be told to expect at least 25,000 cubic yards of contaminated soil but 
to be ready to handle up to 50,000 cubic yards. ‘the price of the contract would be 
dependent upon the exact volume incinerated. 

Cost-plus contracts can be of several types and include provisions for 
contractors to be reimbursed for all costs and to be given an additional sum for prolit. 
Incentives are often provided for contractors to keep costs down, sometimes taking 
overruns out of the contractor's profit margin. Cost-plus percent-of-costs contracts, 
under which the contractor's fee would increase with increased performance costs, are 
prohibited. Cost-plus award fee ıs common and will provide the contractor an 
increased award fee for superior performance and for cost savings. 

Contracts issued by the Navy are usually subject to free and open bidding and 
are normally awarded to the lowest responsible and responsive bidder. Responsibility 
is defined as a contractor's ability to perform and responsiveness is the degree of 
adherence between the offer and the bid. 

Often, the Navy finds reason to contract by negotiation. Due to complicated 
specifications or specialized requirements, the Navy can limit bidders to a contract by 
requiring prequalification of interested bidders. Before the initial bids are accepted, 
contractors must prove that they are qualified to perform the work in question and must 
provide examples of past work experience. After a selection board identifies potential 
contractors, those contractors submit bids for the contract. If the contract is to be 
negoliated, the contracting officer can contact the bidders to discuss items about their 
bid. lhese negotiations do not include auctioning of the contract to produce a lower 
price nor do they include the transfer of information from one bidder to another. They 


are solely a means to verify the technical and financial acceptability of a bid. 


36 





Current Environmental Contracts 

Currently, the Navy is involved with a contracting program entitled 
Comprehensive, Long Term Environmental Action, Navy (CLEAN). A CLEAN 
contract is awarded to a contractor who can perform preliminary assessment, site 
inspections, remedial investigations, feasibility studies, and remedial designs. A 
CLEAN contractor is given a one-year contract, with nine one-year options, to handle 
environmental assessment work in a certain geographic area.2 

Cleanup operations are contracted separately as fixed price, indefinite quantity, 
or cost-plus contracts. For remedial actions up to $1 million, local contracting officers 
will have the option to use newly-developed Remedial Action Contracts (RACs). Fight 
RACs are being developed to handle nationwide remediation, one for each of the 


following waste types: 


1) Waste petroleum 

2) Clean petroleum 

3) Combined wastes (landfills) 

4) Polychlorinated biphenyls 

5) Ordnance 

6) Acids/bases/metals (plating wastes) 
7) Pesticides 

8) Solvents and paints 


Larger remediation programs are contracted by the EFD as individual contracts. 
Key issues in soil incineration 

A contaminated site can be a collection of contaminated mediums: hazardous 
compounds adhered to the soil, free compounds on the surface of the groundwater, 
soluble compounds dissolved in the groundwater, gaseous compounds volatilizing 
from the soil and groundwater, and liquid and solid compounds existing freely on the 


surface or confined in containers. A remediation program must include the operations 
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that can remove the hazardous compounds in cach of these states and either destroy or 


contain the resultant product. While incineration is a technology that can destroy the 


waste from each of these mediums, a remediation program will include, in addition to 


an incinerator, any of the possible subsystems shown in ‘lable 6. 


| Subsystems of an Incineration Program’ 


1) Waste excavation 

2) Waste transportation 

3) Liquid waste receiving and unloading 

4) Solid waste receiving and unloading 

5) Primary storage and handling of liquid wastes 
6) Primary storage and handling of solid wastes 
7) Drum disposal 

8) Blending 

9) Pretreatment 

10) Blended and pretreated solid waste storage 
11) Blended and pretreated liquid waste storage 
12) Solid waste feeding 

13) Liquid waste feeding 

14) Incinerating 

15) Energy recovery 

16) Quenching 

17) Particulate removal from the flue gas 

18) Acid gas removal 


Table 6 
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19) Prime moving 

20) Hue gas dispersal 

21) Wastewater treatment 

22) Liquid effluent disposal 

23) Solidification 

24) Solid residue disposal 

25) Reagent preparation | 
26) Fugitive emission control | 
27) Scrubber liquid cooling 


Supporting Subsystems 


28) Rainwater collection 
29) Infrastructure 

30) Utilities 

31) Control systems 

32) Emergency response 


nn nn nn en | 





[t can easily be seen that soil incineration does not involve parking an incinerator 
in the middle of a field, turning it on, and starting to burn soil. The subsystems shown 
in Table 6 are part of an overall incineration svstem and will be identified in the site 
assessment and remedial design processes. Figure 5 is a process flow diagram of the 
¿NSCO Environmental Services mobile rotary kiln incineration svstem and 
demonstrates the interaction between the different systems. 

While some incinerators can operate at temperatures that produce all ash in the 
molten form, a non-slagging incinerator 1s desirable for soil incineration. ‘he organic 
constituent of the soil will be combusted, but it is advantageous lor the inorganic 
fraction ol the soil to remain in its previous condition to allow its return to the site. The 
volume of the soil lost during incineration can be replaced with clean fill or compost. 
Since the soil will be sterilized during the thermal treatment, the use of compost could 
provide two benefits: 1) organic compounds are provided to speed the return to a 


natural condition, and 2) a use is found for the product of composting stations. 


Key issues for incineration contracts 

The CLEAN contract concept appears to be an ideal vehicle for implementation 
of incineration. It will allow the Navy to work repeatedly with the same contractor and 
to gain confidence in the incinerator’s capabilities. Repeated use of the same incinerator 
system for similar wastes should reduce the time required for permitting since 
regulating agencies will have had the opportunity to witness the incinerator in operation 
on a previous cleanup project. 

A cost-plus contract will fit the unknowns of soil incineration well. During the 
implementation of a cleanup, the exact boundaries of the contamination and the exact 
quantities of contaminated soil are unknown. The cost-plus contract allows the 
contractor to continue operation until the site is clean without having to modify the 


contract for additional incineration quantities or time on sile. 
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| Process Flow Diagram: Mobile Rotary Kiln Incinerator System? | 
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Figure 5 





Even though the contractor will be operating the incineration program, (he 
Navy's responsibilities will continue throughout the operations, especially at a Navy 
site on the National Priorities List (NPL). Under Section 119 of SARA, a response- 
action contractor working al a SARA site (Superfund site) will not be held liable under 
any Federal law for releases of hazardous substances unless they result from the 
contractor's negligent action or willful misconduct.*!_ To avoid liabilities, the Navy 
must have representatives Knowledgeable with the entire program and the current status 
of the operations. 

An initial step in any attempt to utilize incineration must involve getting EPA's 
support for the remediation plan. ‘Lhe fact that EPA supports incineration as the 
treatment technology for a particular site will provide a strong argument in response to 
anti-incineralion opposition. In fact, it would be much easier if EPA would mandate the 
use ol incineration, but that seems unlikely at this time. Close contact with state and 
local agencies will also ensure that their questions are answered before the program is 
defended to the public. 

Some public opposition to incineration should be expected and should be 
viewed as an additional permitting requirement. If treated with an honest attitude, 
public groups can be convinced that the advantages of incineration exceed the risks, 
especially after the Navy has a few incineration contracts behind it. 

A contractor will be expected to prove qualifications and past experience. lt is 
important that the Navy contract with a party that has had considerable experience 
dealing with the EPA. Also, the Navy must ensure that the contractor's equipment is 
capable of handling the wastes involved. A cost-plus contract is not the time for the 
contractor to experiment and modify his equipment. The equipment must have a past 


history of achieving the DRE required by the regulating permit. 
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Key issues: 


Contractor's Continuation ol Services 

Because of the nature ol the remedial work and the hazardous wastes involved, 
the contract should include provisions that the contractor cannot suspend work without 
the consent of the Government. This would prevent the contractor from suspending 
work due to some contractual argument and leaving the site in a condition which may 
be hazardous or that may increase the extent of the contamination. With a cost-plus 
contract, this type d contractual dispute 1s nol expected; costs that can be proven are 
paid. However, because of time constraints and contractor specialization, the 
Government cannot easily get another contractor to fulfill the contract requirements if 
the initial contractor stops work for whatever reason. A contract clause requiring the 


continuation ol work may help prevent this scenario. 


Independent Air Monitoring Company (AMC) 

Because of the importance of the process control and resulting DRE, the Navy 
would do well to have an air monitoring and testing contractor independent of the 
incineration contractor. Patterned after the standard Contractor Quality Control (CQC) 
system for large construction contracts, where the contractor supplies a quality control 
organization that reports directly to the president of the company and is independent of 
the field production crew, the contract should require the contractor to hire, as a 
subcontractor, the air monitoring contractor. ‘The contract should require that the AMC 
be independent of all other field supervisors and that they report their testing results 
directly to the Navy, the local regulating agency, and the prime contractor's corporate 
office. Of course, copies of the report can and should be given to the on-site 


incineration supervisor. 
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It is also important that the AMC be given the responsibility of notifying the 
Navy whenever unsatisfactory test reports are identified. The incineration supervisor 
will have the responsibility to correct the problem or shut down the incinerator. Ihe 
fail-safe mechanisms will also be in place to shut down the incinerator automatically if 


the emission quality deteriorates beyond acceptable limits. 


RCRA Inspections 

The contract should specifically identify the responsibility of the prime 
contractor to prepare for and pass all regulatory inspections. If the contractor fails an 
inspection or incurs costs which would not have been incurred otherwise, the contract 
Should dissociate the Navy from the liability for the reimbursement of these costs. 
Also, the contractor must be liable for all costs incurred by all parties during any 


operational shutdown that is due to permit violations. 


RCRA Permits 

The contract should be written so that it 1s considered terminated if permits 
cannot be obtained. Before initiating the contract, the Government will have performed 
extensive preparatory work to ensure that the use of incineration is acceptable by the 
regulatory agencies. By the time a contract is awarded, most of the permits still 
required should pertain to the incinerator. If a permit is ultimately denied for the 
project because of public or environmental concerns, the contractor should not be held 
liable for any costs incurred. However, if an operating permit is ultimately denied 
because of the contractor's actions or inability to meet the required DRE‘s, the 
Government should not be held accountable for the reimbursement of the contractor's 
costs. After all, the proper operation of the incinerator is a contractor function and 1s 
beyond the control of the Government. However, the nature of the work demands 


protection of the contractor from the standard ‘Termination for Default clause. In the 
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standard Termination for Default clause, the contractor is held financially responsible 
for all costs in excess of the contract amount that are incurred by another contractor 
while finishing the work. Instead, a clause should be included into the contract which 
states that if a contractor is not able to permit his incinerator for the specific application 
at hand, it will either provide another incinerator or withdraw from the contract. Either 
way, the Government should be absolved from the costs of any failed permit attempt. 
An important responsibility of the contractor is the test burn and the incineration 
permit. Table 7 lists many of the permit-limited parameters for hazardous waste 


incinerators. 


Emergency Response 

The contractor must be required to prepare and implement an emergency 
response plan to protect the workers on-site and the surrounding public. The fail-safe 
mechanism should provide protection against the continued combustion of the waste if 
problems occur and thereby eliminate continued emission of PICs. Ihe contractor's 
plan will include, but not be limited to, the following factors: 


1) Noutication procedures for police, fire, and ambulance services. 
2) Emergency fire and health training for on-site workers. 


3) Thorough indoctrination for off-site emergency workers about the site 
layout and incinerator characteristics. 


4) Clearly-marked access roads. 

If the remédiation project is on a Naval installation, the on-base fire department 
must be trained in the emergency-response requirements tor the incinerator. In remote 
areas, the contractor may be required to provide on-site firefighting capabilities. It may 
be advantageous to install fire mains to the site for this purpose. Although in a cost- 
plus contract the Navy will pay for all of the costs associated with on-site emergency 
equipment and the installation of utilities, it must be emphasized that the contractor 1s 


responsible for the operation of its equipment and for the emergency response to any 





problems. The Navy, of course, will allow the use of existing services, but it will not 
accept contractual responsibility for the safety of the site. 

The Navy, on the other hand, is responsible for the operations onboard its 
installations. The resident Navy representative will have to ensure that the emergency 
programs are in place and are operating properly and will have the responsibility to 
notify the contractor about any deviation from the approved permit and emergency 


response program. 


Site Acceptance and Clean-up 

The contractor will be required to remove all temporary utilities and structures 
unless accepted by the Navy. Before demobilization, a comprehensive site analysis 
needs to be completed to ensure that the site is totally clean. Representatives from EPA 
and the local regulatory agencies should be given the opportunity to examine the site 
and review the findings. A successful site clean-up will probably be used by all 
concerned parties to demonstrate their success toward environmental restoration and 
the Navy should promote this. Greater cooperation can be expected in the future d 


these agencies are given a portion of the credit. 


Site Reclamation 

If at all possible, contaminated sites should be returned to a condition promoting 
the environment. After a specified period has elapsed to ensure the safety of the site, 
the sites can be used as parks or recreational areas. A better alternative would be a 
commitment to return the area to a forest or wildlife area. Ilhe Navy could continue its 
wildlife programs, as well as reap public relation benefits, if it could show that it is 
returning these contaminated sites back to nature. Ihe location of the site would 


determine if this action is feasible, but the reward from this policy could be substantial. 
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Typical Permit-Limited Parameters for 
Hazardous Waste Incineration!! 


Maximum feed rate of each waste stream to each combustion chamber 
Maximum CO emissions 

Maximum flue gas flow rate or velocity 

Maximum size of containerized waste to primary chamber 





Minimum water {low rate and pH to absorber 

Minimum water/alkaline reagent flow to dry scrubber 

Minimum particulate scrubber blowdown rates 

Minimum KVA for electrostatic precipitator and KV for ionizing wet scrubber 
Minimum and maximum pressure drop for baghouse filter 

Maximum chloride and ash input in waste feed 


Additional Parameters Based on Test Results or Design Limitations 
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Maximum pressure in combustion chambers 
Maximum total heat input for each chamber 
Liquid injection burner settings: 
Viscosity (maximum) 
‘Turndown (maximum) 
Atomization pressure (minimum) 
Waste heating value (minimum) 
Solids (suspended solids, particle size)(maximum) 
Incinerability limits for organics 


Table 7 
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Conclusion 


Incineration is an acceptable treatment technology for the remediation ol 
contaminated soils. Its advantages and versatile application should make it the first 
choice in many instances, especially when the destruction of the wastes is desired. Ihe 
U. S. Navy can take advantage of these characteristics lo conduct its environmental 
restoration program, ensuring rapid site clean-up with waste destruction and thereby 
eliminating future liability and future clean-up actions. 

Incineration ‘has been shown to be an established technology with considerable 
research and experience supporting the incinerators in use today. With rigid controls 
and thorough permitting procedures, incineration is a safe technology that can provide 
the cure to most of the contaminated sites found across this country. Public awareness 
and confidence is sure lo grow as the safe application of incineration is demonstrated 
more frequently. 

The use of incineration in Navy contracts will not require radical changes in 
contracting methods. However, because of the nature of the site remedialion work, 
special considerations must be given to the incinerator contractors to promote interest in 
Navy contracts. With so few incinerators in use today, contracts must be written to 
ensure project completion by the initial contractors. hese contractors must be 
protected as much as possible from the contingencies and unknowns of incineration 


Services. 
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APPENDIX 


List of Acronyms 


AMC 
BDAT 
CERCLA 


CLEAN 
CO 
COC 
EFD 
DERP 
DOD 
DRE 
PA 
FS 

LT? 
MTU 
NACIP 
NAVFAC 
NPL 

PI 

mC 
POHC 
POL 
PWO 
RCRA 
RAC 
RAP 


Air Monitoring Company 

Best Demonstrated Available Technology 
Comprehensive Environmental Response, Compensation, 
and [Liabilities Act 

Comprehensive Long lerm Environmental Action, Navy 
Commanding Officer 

Contractor Quality Control 

Engineering Field Division 

Defense Environmental Restoration Program 
Department ol Defense 

Destruction and Removal Efficiency 

Environmental Protection Agency 

Feasibility Study 

Low Temperature Thermal Treatment 

Mobile Treatment Unit 

Navy Assessment and Control of Installation Pollutants 
Naval Facilities [Engineering Command 

National Priorities List 

Preliminary Investigation 

Product of Incomplete Combustion 

Principle Organic Hazardous Constituent 

Petroleum, Oil, and Lubricants 

Public Works Officer 

Resource Conservation and Recovery Act 

Remedial Action Contract 

Regulating Agency Permit 

Remedial Investigation 

Remedial Action 

Remedial Design 

Record Of Decision 

Superfund Amendments and Reauthorization Act 

Site Inspection 

Transportable Treatment Unit 

Underground Storage Tank 

Volatile Organic Compound 
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